ABSTRACT
INTRODUCTION
Resection of bone tumours in the sacrum can result in high morbidity. [1] [2] [3] [4] [5] [6] Iatrogenic injury to the sacral nerve roots can affect bladder, bowel, and sexual functions. 8 Preservation of the S2 and more cranial nerve roots can maintain most lower-limb and bowel-bladder functions. 9 Understanding the anatomy of L4 to S3 nerve roots may help preserve such functions during tumour removal, especially when the posterior approach is used. As the ala of the sacrum and the sacroiliac joint are usually used as the reference points during sacral resection, we studied their distance from L4 to S3 nerve roots.
MATERIALS AND METHODS
The embalmed left half pelvis of 25 male and 27 female cadavers aged 30 to 91 (mean, 68) years were studied. All visceral organs and vascular structures were removed. The psoas and iliacus muscles were dissected to explore the nerve roots, and the sacroiliac joints cleaned. The ventral rami of the L4, L5, S1, S2, and S3 nerve roots were dissected along their course from the corresponding intervertebral foramina to the lesser pelvis (Fig. 1) . The distance between each nerve root and (1) the most anterior part of the sacroiliac joint (which is usually the middle of the ala of the sacrum) and (2) the most inferior part of the sacroiliac joint were measured in both coronal and sagittal planes. Damaged or improperly dissected nerve roots were excluded. Variations in the course of the nerves were documented.
RESULTS
31 L4 nerve roots were properly dissected. Using the most anterior part of the sacroiliac joint as a reference point, the L4 nerve roots joined with the L5 nerve roots at the level above (n=11), on (n=12), or below (n=8) the reference point (Fig. 2) . Respectively in the 3 groups, the mean distances between the common branch and the reference point in the coronal plane were 13.09, 12.52, and 3.96 mm. In the sagittal plane, the common branch lay close to the ala of the sacrum in group 1 (except in one female pelvis, in which the distance was 5.2 mm) and group 2, whereas in group 3 the mean distance was 6.21 mm.
52 L5 nerve roots were properly dissected. 31 of them joined with the L4 nerve roots as previously described. The remaining 21 L5 nerve roots had an isolated course. Their mean distance to the reference point was 13.37 mm in the coronal plane. In the sagittal plane, the L5 nerve root lay close to the ala of the sacrum, except in 3 pelvises in which the distances were 5.2, 3.2, and 2.1 mm.
52 S1 nerve roots were properly dissected. Using the most inferior part of the sacroiliac joint as another reference point, their mean distance was 2.18 mm in the coronal plane. All S1 nerve roots lay medial to the sacroiliac joint except in 2 cases, in which they lay Figure 1 The embalmed left half pelvis and lower lumbar spine is dissected to study the anatomy of the L4 to S3 nerve roots.
laterally at a distances of 13.5 and 13.7 mm. In the sagittal plane, the mean distance was 8.16 mm, and 47 of the S1 nerve roots lay close to the reference point.
48 S2 nerve roots were properly dissected. In the coronal plane, the mean distance was 16.88 mm. Five S2 nerve roots joined with S1 nerve roots at the reference point (Fig. 3) . In the sagittal plane, the mean distance was 9.33 mm, and the S2 nerve roots lay medial to the sacroiliac joint.
23 S3 nerve roots were properly dissected. The mean distance was 24.01 mm in the coronal plane and 8.89 mm in the sagittal plane.
DISCUSSION
There is no way to image sacral nerve roots preoperatively, and intra-operative exploration is needed. The results of our study may facilitate surgical dissection and guide the surgeons to protect as many nerve roots as possible. The ala of the sacrum and the sacroiliac joint are commonly used as reference points in sacral tumour resection. In the 12 pelvises with L4 and L5 nerve roots joining together just anterior to the ala of the sacrum, dissection through the ala of the sacrum must be carefully performed to prevent injury to the L4 and L5 nerve roots. Tumours involving the ala of the sacrum could invade L4 and L5 nerve roots, in which cases preservation might not be possible. In the 11 pelvises with L4 and L5 nerve roots joining together above the most anterior part of the sacroiliac joint, the L5 nerve root and the common branch of L4 and L5 nerve roots can be protected by dissecting downloads along the L4 nerve root. In the 8 pelvises with L4 and L5 nerve roots joining together below the middle of the ala of sacrum, the L4 or L5 nerve roots is more easily protected. To protect L4 and L5 nerve roots, dissection with a sharp instrument should be avoided in the most anterior part of the sacroiliac joint and the area 5 to 7 mm medial to it. This is because the nerves lie very close to the bone. If fusion of L4 and L5 nerve roots is encountered and protected, there is no other fusion of the nerve roots at a distal level.
At the middle and lower part of the ala of the sacrum, the S1 nerve is located at the most inferior part of the sacroiliac joint. To prevent injury to the S1 nerve root, osteotomy should be performed through the iliac wing lateral to the sacroiliac joint. In patients with tumours involving only the lower part of sacrum and preservation of S2 nerve root was planned, dissection should be started from the S1 nerve root, as S1 and S2 nerve roots may join together (in about 10% of cases). This pattern might fix the nerve roots to the lateral sacrum and put the nerve at risk of tumour invasion. No fusion of the S2 and S3 nerve roots was encountered. Thus, the S2 nerve root may be saved during partial sacrectomy, as tumours of the lower part of the sacrum usually displace the S2 nerve root laterally, whereas only the S3 nerve root is invaded by the tumours. Bowel and bladder function together with motor power of the lower limb is preserved as long as the S2 nerve root is not sacrified. [7] [8] [9] No nerve was found at the lower rim of the ala of the sacrum. This safe zone can be used as the entry point of dissection with gauze packing via the posterior approach before osteotomy of the ala of the sacrum or the iliac wing.
